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Classification and Characterization of

Hemocytes in Styela clava
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Abstract. Viable hemocytes of the common tunicate

Styela clava are classified into four groups designated as

eosinophilic granulocytes, basophilic granulocytes, hyaline

cells and lymphocyte-like cells. Eosinophilic granulocytes,

actively amoeboid, have large refractive granules that stain

with neutral red. Basophilic granulocytes do not stain with

neutral red and formed couplets or triplets. Hyaline cells,

which often contain phagosomes. have electron-dense

small vesicles recognizable only by electron microscopy.

Hemoblasts have a characteristic large nucleolus which is

visible by light microscopy. Eosinophilic granulocytes and

hyaline cells actively ingest yeast particles in vitro. This

classification simplifies former ones by correlating electron

microscopy, with light microscopy, and viable with fixed

hemocytes. Clearly viable tunicate hemocytes can be

identified by simple methods. We have provided clear

and more accurate descriptions which will lessen the con-

troversy often associated with assigning hemocyte func-

tions in immunodefense responses both in vivo and in

vitro.

Introduction

The classification of tunicate hemocytes remains con-

fused, not withstanding Wright's attempt ( 1 98 1 ) to devise

useful categories. Recent progress in tunicate biology,

however, requires a precise correlation between various

cellular functions and particular types of hemocytes.

Styela clava. especially, has been used in investigations

of immunological responses including those associated

with hemocytes: allogeneic reactions (Raftos and Cooper.

1991); cytotoxic reactions (Kelly et ai. 1992a); humoral
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opsonin (Kelly et ai. 1992b, 1993a, b, in press); and the

production of cytokines (Beck et ai. 1989; Raftos et ai.

1991). Humoral lectins (Yokozawa el ai. 1986; Harada-

Azumi et ai. 1987). antibacterial substances (Azumi et

ai. 1990), and a metallo-protease (Azumi el ai. 1991)

were studied in another species, Halocynthia roretzi.

Although the classification of Styela clava hemocytes

began early (Ohue, 1936) and the site of hemopoiesis is

described (Ermak. 1975. 1976), the literature includes de-

scriptive morphologies with a plethora of terms, but rel-

atively little experimental information uniting structure

with function. Previous analyses of hemocytes failed to

correlate age, season, and cell behavior in a systematic

way, and these variables were not related to the various

techniques used for examining them (e.g.. staining and

fixation versus observation of live cells). Recent molecular

and cytological studies focusing on the hemocytes and

immune system of Stye/a will reveal a more precise picture

of the functional contribution of individual effector cells.

But this development depends on a thorough and con-

sistent classification of the hemocytes.

To establish an acceptable and predictable classification

scheme, we examined hemocytes from Stye/a clava and

correlated the morphological and behavioral character-

istics of living hemocytes, and compared appearance of

viable cells with those analyzed by light and electron mi-

croscopy. Our work offers a strategy for classifying hem-

ocytes in any invertebrate, especially tunicates which are

becoming increasingly more important as we decipher

the nature of effector cell activity during immune re-

sponses.

Materials and Methods

Hcmocvtes

Hemocytes were harvested by severing the stolons of

Styela clava after rinsing the outside with 70% ethanol.
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Exuding hemolymph was collected into 0.5 M NaCl

(NaCl-solution, pH 7.0 by 0.01 N NaOH) in polystyrene

tubes; this prevented the nonspecific coagulation of he-

mocytes and allowed individual hemocytes to be observed.

Hemolymph was mixed with the NaCl solution one to

one in final volume.

Staining

Hemolymph or hemocyte suspensions in NaCl-solution

were loaded onto glass slides. After 10 min, adhering

hemocytes were fixed for 15 min and stained with he-

matoxylin and eosin (H&E). Cold ethanol, cold methanol

or 4%paraformaldehyde (0. 1 Msodium cacodylate buffer,

pH 7.0) were used as fixatives, and the morphological

preservation was compared. For vital staining, neutral red

(NR, 0.01% in final concentration) was added to hemocyte
suspensions: 1 5-30 min later, the hemocytes were loaded

onto glass slides and observed.

Correlation of NR-staining with H&E-staining

Wephotographed NR-stained hemocytes adhering on

glass slides, then fixed them for regular light microscopy
without moving the slides, and photographed them again
under phase-contrast microscopy. After H&E-staining, we
found exactly the same cells as in the former two pho-

tographs (NR-staining and phase-contrast) to compare
their appearance.

Transmission electron microscopy (TEM)

Hemocytes in the hemolymph and inside pharyngeal
tissue were examined by TEM. Hemolymph collected into

polystyrene tubes was centrifuged (400 X g for 5 min)
and the pellet fixed. Pieces of pharynx (about 1.5 mm
square) were dissected and fixed. Specimens were pre-

fixed in a mixture of 2% glutaraldehyde and 2% parafor-

maldehyde (0.75 Msucrose, 0.2 Msodium cacodylate

buffer, pH 7.0), then post-fixed with 1% osmium tetroxide

in the same buffer. The specimens were dehydrated in

ethanol series and embedded in Medcast (Ted Pella, Red-

ding, CA). Propylene oxide was used to infiltrate the resin.

Autonomous fluorescence of viable hemocytes

Hemocytes suspended in NaCl-solution were loaded

on glass slides and observed with a Nikon EFD2 fluores-

cence microscope with blue (420-490 nm)-and ultraviolet

(330-380 nm)-illumination.

Composition of hemocytes

Different hemocyte types were counted by light mi-

croscopy after H&E or NR-staining. and also by TEM.
A sample of hemocytes was taken from 6 animals, and
five to ten different viewing fields (1 10-130 cells in total)

from each sample were examined in light microscopy with

a 100X objective lens. Five pharyngeal pieces, one each

from 5 animals (one TEM-section for each piece), and a

hemocyte-pellet from one animal were examined by TEM.
About one hundred cells were examined on each section.

Phagocytic activity against yeast particles

Saccharomyces cerevisiae (baker's yeast, type II; Sigma
Chemicals, St. Louis, MO) was stained with Congo red

and suspended in artificial seawater (approximately
1 X 10

8
particles/ml), according to Kelly et ai (1993a).

Hemocyte suspensions in NaCl-solution (100 p\) were

loaded on cover slips, and yeast particle suspension (100

^1) was added 5 min later. The hemocytes were incubated

for 30 min. After the cover slips were gently rinsed to

remove excess yeast particles, 0.01% neutral-red solution

was added. Hemocyte types were identified by NR-stain-

ing. Types of hemocytes which phagocytized yeast par-

ticles were identified.

Results

Light microscopy of hemocytes

Most hemocytes adhered to glass slides, and some of

them exhibited amoeboid movement within 5 min. How-
ever, many small, transparent cells did not adhere well

enough to resist water movement caused by pressure on
the cover slip. By phase contrast microscopy, four different

types were observed (Table !):(!) hyaline cells, which ex-

hibited significant extensions ( 1 5-20 j/m in diameter); (2)

round cells (basophilic granulocytes, 6-10 ^m in diam-

eter), which contained highly refractive small granules and

often formed couplets or triplets; (3) amoeboid cells (eo-

sinophilic granulocytes; 8-15 /jm in diameter), which

contained large granules and exhibited more active

amoeboid movement than the other types; and (4) small

spherical cells that did not spread (hemoblasts; 4-6 ^m
in diameter), which contained a small amount of cyto-

plasm and had a nucleolus clearly visible by light mi-

croscopy. The nuclei of hemocytes other than hemoblasts

were not visible unless they were spread flat on a glass

slide.

Phase contrast microscopy was not sufficient to distin-

guish all eosinophilic and basophilic granulocytes with

certainty. The eosinophilic granulocytes often contained

granules as small as those of basophilic granulocytes, and
when they were not moving they were just as round as

basophilic granulocytes.

Weobserved large cells that had a hyaline cytoplasm

lacking visible granules, but they did contain pigmented
or non-pigmented large vacuoles. These cells were also

identifiable as hyaline cells because they spread wide and

flat. The spreading of hyaline cells was rapid once it began,

and these cells did not exhibit active amoeboid movement
after they spread.
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Table I

Classification and sonic characteristics o/'Styela clava licmocvies
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Figure 1. Living hemocytes on glass slides after NR-staining. (A) Eosinophilic granulocytes included

two groups of granulocytes that stained in different colors (o = orange and r = red-violet). The sizes of the

cytoplasmic granules are variable in each hemocyte. (B) Neither hemoblasts (hb) and basophilic granulocytes

(bg) were stained. Nucleoli were evident in hemoblasts. (C) Basophilic granulocytes (bg) contained many

refractive granules which were smaller than those of eosinophilic granulocytes (o = orange cells). (D) A

couplet of basophilic granulocytes (bg): these were frequently observed. (E) Hyaline cells (hy) spread wide

and flat on the glass slide to form a thin cytoplasmic sheet. (F)Some hyaline cells contained granules (arrow)

that stained with NR. x 1250

(10-12 ^m in diameter: hyaline cells) containing signifi-

cant amounts of endoplasmic reticulum (ER); (2) small

spherical cells (5-6 /urn in diameter: hemoblasts) with little

cytoplasm and large nuclei; (3-5) three different granu-

locytes (6-12 nm in diameter: basophilic and eosinophilic

granulocytes) containing abundant cytoplasmic granules.

These five types also constituted the entire hemocyte pop-

ulation within the pharyngeal tissue.

The large cells contained numerous rough-surfaced and

smooth-surfaced ER and also small vesicles (0.1 ^m in
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Figure 2. Fixed hemocytes on glass slides with H&E-staining. (A)

Multinuclear cells with seven nuclei spread wide and flat. Vesicular

structures in the cytoplasm were slightly stained. (B) Small encapsulation

(arrow) containing 3-7 small cells; these were sometimes observed in

the hemolymph. xl 180

diameter) of high electron density (Fig. 3). A few of these

cells contained large vacuoles or phagosomes. Their nuclei

often had nucleoli and coarse and uniform euchromatin,

although heterochromatin was sometimes observed. These

cells corresponded to hyaline cells on the basis of size,

phagosomes, and the absence of large cytoplasmic gran-

ules.

The small cells with little cytoplasm contained mito-

chondria and small amounts of ER (Fig. 4C). Their nuclei,

with characteristic large nucleoli, were usually larger than

those of other hemocytes. Chromatin was uniformly dis-

tributed and slightly more dense in comparison with hya-

line cells. These cells corresponded to hemoblasts in cell

size, i.e., little cytoplasm and characteristically large nu-

cleoli.

The three different granulocytes (temporarily designated
as type 1, 2 and 3 granulocytes according to TEM) had

the same nuclear pattern (usually with dense heterochro-

matin at the periphery and sometimes small nucleoli) but

differed in their cytoplasmic granules. Type 1 granulocytes

(6-10 yum in diameter) contained electron-dense and

spherical granules with a diameter range of 0.2-0.5 ^m
(Fig. 4A). These cells correspond to basophilic granulo-

cytes on the basis of size, the sizes of their cytoplasmic

granules (they had smallest granules among granulocytes),

and their frequency in the hemolymph. Type 2 gmnit/o-

cytes (8-10 /urn in diameter) contained irregular-shaped

granules that varied in size (0.1 -1.3 /urn in diameter). The

granules contained homogeneous material of intermediate

electron-density (Fig. 4B). Type 3 granulocytes ( 8- 1 2 ^m
in diameter) had cytoplasmic granules that were also ir-

regularly-shaped and remarkably varied in size (0.1-1.5

nm in diameter). These granules were composed of het-

erogeneous materials central spheres with high electron

density and surrounding material of intermediate electron

density (Fig. 4B). Type 2 and 3 granulocytes corresponded
to eosinophilic granulocytes on the basis of size, the ir-

regular shape of their cytoplasmic granules, and their fre-

quency of occurrence.

Hemocyte composition

Weexamined percentages of the various hemocytes in

hemolymph by counting each type after NR- and H&E-
staining and TEM(Table II). The order of dominance for

each type was the same in all cases, but the exact values

were somewhat different. The most abundant cells were

eosinophilic granulocytes (46.3% in NR-staining); second

were the basophilic granulocytes (21.0%); hyaline cells

were third ( 18.5%-): and the smallest population was that

of the hemoblasts (14.1%).

The percentage of eosinophilic cells in H&E-staining

(68.5%) was about the same as the sum of type 2 and 3

granulocytes in the hemocyte pellets observed by TEM
(67.8%), but it was larger than the sum of orange- and
red-violet cells in NR-staining (46.3%). Many fewer he-

moblasts were found in both H&E-staining (2.3%.) and

TEM(2.0%) than in NR-staining (14.1%). The proportion

of hyaline cells ranged from 5.5 to 18.5%, even after the

percentages of multinuclear cells and phagocytosis were

added. Multinuclear cells (1.2% in H&E-staining) were

not found in NR-staining or TEMof pharyngeal tissue.

Autonomous fluorescence oj hemocytes

Blue fluorescence was observed in certain granulocytes
under ultraviolet-illumination. NR-staining of those flu-

orescent hemocytes, in the same field of view, revealed

that the autonomous fluorescence was from eosinophilic

granulocytes which stained in red-violet (Table I). Under

blue-illumination, no hemocytes exhibited autonomous
fluorescence.

Phagocytosis

Four hemocyte types i.e., hyaline cells, eosinophilic

granulocytes (including red-violet and orange cells in
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Figure 3. Transmission electron microscopy of hyaline cells and a hinuclear cell. (A) Hyaline cell (h) in

the centrifuged pellet, with heterochromatin at the nuclear periphery. (B) A binuclear cell in the centrifuged

pellet. (C) Hyaline cell (h) in pharyngeal tissue; the nucleus has a large nucleolus and uniform euchromatin.

All cells (A, B, C) contained electron-dense small vesicles, numerous vesicular structures, and endoplasmic

reticulum. Bar =
1 jim.

NR-staining). and basophilic cells ingested yeast parti-

cles. Among them, hyaline cells and eosinophilic granu-

locytes had significantly higher activity than basophilic

granulocytes (Table III). In the cell population that had

ingested yeast particles, hyaline cells (36-42%) were fewer

than eosinophilic granulocytes (5 1-68%), as shown in Ta-

ble IA. However, phagocytic activity was higher in hyaline

cells, because the phagocytic ratios were higher in hyaline

cells (32-78%) than in eosinophilic granulocytes (13-

35%), as shown in Table IB. Many hyaline cells engulfed

2-5 yeast particles, whereas most eosinophilic granulo-

cytes incorporated only one particle.

Discussion

Classification of hemocytes

Hemocytes from many species of tunicates have been

classified by both light and electron microscopy (Ohue,

1936; George, 1939;Endean, 1960; Andrew, 1961, 1962;

Overton, 1966; Smith, 1970; Botte and Scippa, 1977;



Figure 4. Transmission electron microscopy of hemocytes in the centnt'uge pellet of hemolymph. (A)

Type 1 granular cells ( 1
=

basophilic granulocytes) containing relatively uniform and spherical granules.

(B) Both type 2 (2) and 3 (3) granular cells (eosinophilic granulocytes) containing irregularly shaped granules.

The granules of type 3 cells contain electron dense cores. (C) Hemoblast (hb) with little cytoplasm and

without cytoplasmic granules, except for mitochondria and vesicles. The relatively large nucleus contains

characteristic large nucleolus. Bar =
1 ^m.
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Table II

Hemocyte types
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Table III

Phagocytosis / yeast particles by hemocytes from three Jil/erent individuals

(A) Composition of hemocytes which ingested yeast particles
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sections. Observations of living hemocytes, under different

conditions and stained with simple dye, coupled with func-

tional analysis, e.g.. of phagocytosis, would be more useful.

In such a manner, we compared the hemocytes of St vela

clava and Halocvntlria rorctzi which have also been clas-

sified in the living state (Sawada et ai, 1991 ), and found

interesting correspondences between types. Hyaline cells

and basophilic granulocytes were similar to the pi -cells

and gl -cells of Halocynthia roretzi. respectively, in mor-

phological and behavioral aspects. Hemoblasts, as the

candidate for hematopoietic stem cells, may correspond

to the ly-cells of Halocynthia roretzi, but their function as

the stem cells has not been established in either species.

Eosinophilic granulocytes seemed to be similar to the v3-

and v4-cells of Halocynthia roretzi in that refractive vacuoles

occupy most of the cell volume, and active amoeboid

movement and addphilic staining occur. But eosinophilic

granulocytes ofStyela clava were evidently more phagocytic.

The correspondence between these species of at least two to

three cell types may be consistent with their phylogeny.
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